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(54) Resin-impregnated belt for application on papermaking machines and in similar industrial! 
applications 



(57) A resin-impregnated endless belt for a long nip 
press or calender of the shoe type, or for other paper- 
making and paper-processing applications, has a base 
fabric in the form of an endless loop with an inner sur- 
face, ah outer surface, a machine direction and a cross- 
machine direction. The base fabric has machine-direc- 
tion (MD) structural elements and cross-machine-direc- 
tion (CD) structural elements in an open structure 
wherein at least some of the MD structural elements and 
CD structural elements are spaced apart from one an- 
other. The MD structural elements cross the CD struc- 



tural elements at a plurality of crossing points, where 
they are joined to one another by mechanical, chemical 
or thermobonding means. A coating of a first polymeric 
resin is on the inner surface of the base fabric. The first 
polymeric resin impregnates and renders the base fab- 
ric impermeable to liquids, and forms a layer on the inner 
surface thereof. The coating is smooth and provides the 
belt with a uniform thickness. A method for manufactur- 
ing the belt, using a smooth and polished cylindrical 
mandrel with a spacer ring slidably disposed thereon, is 
also shown. 
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Description , . ...... 

Background of the Invention . . s . , . 

1 . Field of the Invention * , " ....... 

[0001] The present invention relates to mechanisms for' extracting. water from ^ web pjjrriaterial, and, more particu- 
larly, from'a fibrous web being processed into a paper production a papermaking machine, Specifically, the present 
invention is a method for man ufectu ring re^in-impregnated endless belt structure's designecffor'use on a long nip press 
10 ; 6f the shoe type on a papermaklngmachine,' and for other papermaking and paper-jp/pcessingapplications, and the 
belt structures manufactured in accordance witfi the method. 

2. Description af.thelPr.ior Art y . ..J .1 L7_L7_ 7 „ .... _ . 1~ ~ — 1 — 

75 [0002] During the papermaking process, a fibrous' web of cellujosic-fibersis formed on a forming wire by depositing - 
a fibrous slurry thereon in. the forming sjection of a papeimachine. /jclarge amount of water is drained from the slurry 
in the forming section, after which the riewly formed web is conducted to a press section. The press section includes 
a series of press nips, in which the fibrous web is^ubjected to compressive forces applied to remove water therefrom. 
The web finally is conducted to a drying section w^jch included heatecild rye r„d rums around which the web is directed. 

20 The healed dryer drums reduce the water content of the web to a desirable level; through evaporation to yield a paper 
product. \ 1 ' ^\ I f '\' , [ ,\ ) 

[0003] Rising energy costs have madfe it increasingly desiraole to' remove as much water as possible from the web 
prior to its entering the dn)ersection. As^ the dryePdrums are often Heated from within by steam, costs associated with 
steam production can be substantial, especially when a large amount of water needs to be removed from the web. 

2S [0004] Traditionally, press sections h^ve included a series of, nips formed by pairs of adjacent cylindrical press rolls. 
In recent years, the use of long press nips of the shoe type has been; found to be more; advantageous than the use of 
nips formed by pairs of adjacent press polls. This* is : t>ecause the longer the time a web can be subjected to pressure 
in the nip, the more water-can be remoyed there^ and, consequently,; the* less water will remain behind in the web for 
removal through evaporation in the dryer section.. v 

30 [0005] The present invention relatesr1oiang-rrip-presses*of the shoe-type. In this variety-ofiorrg nip press, the nip is 
formed between a cylindrical press roll and,an arcuajte pressure shoe. The latter has a cylindrical]^ concave -surface 
having a'radius of curvature close to" that of thacylindrical press roll v When the roll and r shoe are broughUnto dose 
physical proximity to one., another, a nip which, can~.be five to ten times^Jonger in the machine direction/than one formed 
" between two press rolls is formed. Since the long nip Is five to ten times longer than that in a conventional two-roll 

35 press, the so-called dwell time of the fibrous wpb jn the long nip is correspondingly longer under the same level of 
pressure per square inch in pressing force used in a two-roll press. The result pf this new long nip technology' has been 
' a dramatic increase in dewatering of the fibrous web Jn the. long nip whe- ( n compared to conventipnal nips on paper 
( "Jmac)]ines.. .7 '. ^ . ' . ... - 

[0006] "A long nip press of the shoe type requires a. special belt, such as that shown in U.S. Patent No, , 5,238:537. 

40 This belt is designed to protect the press fabric supporting, qarrying and dewatering thafibrous web from the accelerated 
wear that would result from direct, sliding contact dverthe stationary pressure shoe. Such a belt must be provided , with 
7" A smooth impervious surf acle. that rides, or slides, over the stationary shoe.pn a lubricating film of oil. The, belt moves 
"through the nip at roughly "the same speed as the press fabric, thereby subjecting the press jabric to minimal amounts 
of rubbing jagainst the surface of the belt .7 ..^ , • l - ■ ■ ^ ' ' . : n' " i 

45 " [0007] Belts of the variety shown in. U.s'. Patent No. 5,238,537 are made by" impregnating a woven base.f abric, which 
'takes the form of an endless loop,, with a synthetic polymeric jr.esin. Preferably, the resin forms a coating of some 
.predetermined th ickness on at l^ast the inner surf^ce^of the beri, so that the yarns from which the base fabric is woven 
'may be protected from direct pontact with, the arcuate pressure" shoe component of the long nip press. It is specifically 
this'cbatihg which must have a smooth, impervious surf ace to slide readily over the iubriqated shoe and to ( preyent.any 

50 of the lubricating oil from penetrating the structure of the belt to contaminate t£e press fabric, or fabrics, and fibrous web. 
[0008] The base fabric of the belt shown in U.S. Patent No. 5,238,537 may be woven from monofilament yams in a 
single- or multi-layer weave, and is woven so as to be sufficiently open to allow the impregnating material. to totally 
impregnate the weave. This eliminates the possibility of any voids forming in the final beltlSuc1i''vbids7nay''allcw~the 
. lubrication used between the belt, and ( shpe to pass through the belt and contaminate the pressJabric or fabrics and 

55 iibrpus^web.'The base 'fabric maybejlatrwoy^n, and subsequently seamed into endless form'.or. woven endless in 
'^tubu^ ... ? . ... f - 4 -. - • ^.. i .-. )( r,- : •■ : -> , ., : »;•■»(::*••:• « 

td009] When the impregnating material is cured to a solid condition, \\ is primarily bound to the- base fabric,, by a 
niechanical interlock, whe/eiq the curbed impregnating materia* surrounds the yarns of the base fabric. In addition,- there 
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may be some chemical bonding or adhesion between the cured impregnating material and the material of the yarns 
of the base fabric. 

[0010] Long nip press belts, such as that shown in U.S. Patent No. 5.23B.537, depending on the size requirements 
of the long nip presses on which they are installed, have lengths from roughly 13 to 35 feetjapproximately 4 to 11 
meters), measured longitudinally around their endless-loop forms, and widths from roughly 100 to 450 inches (approx- 
imately 250 to 1 1 25 centimeters), measured transversely across those forms. 

[001 1] It will be recognised I that the length dimension's of the long nip p/ess belts given above include those for belts 
for both open- and closed-loop presses. Long nip press belts for open-loop presses generally have lengths jn the range 
from 25 to 35 feet (approximate!^ 7,6 to 11 metefs!) . fhelerigihs (circumferences^ oflorVg hip press belts for some of 
the current closed- loop' presses are set forth 'in the foj lowing table J " \ ! \ "\ f *' 
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Manufacturer 


Type 


Belt Diameter (mm) 


Length (rnm).(Circ.umf.) 


Valmet 


Symbelt Press 


1425 


4477 




cSymbelt Press- 


■■1795 : '."* ^ ' 


••5639^- 3 ■* v 




- Symbelt Press ' 


199*5- c " ' ' 


• ' * 626*8 ^ 










Voitrr' ~ 




^ 1270 v ^ 


" 3990 




* '"Irrex-Drf^ip J 








Nip-Co-Flex 




3990 : ' 




NiprQo-Flex > 
. Intensa-S 


tim^v , « 


;<\ „ ;^:^39^0 - ■ 


t" * - ~i * C °* - 


: lntensa-$.. - 


: : : s :155G „ !fi ioeo 


. 4B69-. 






J Tlo *0-V .I- COL jr-; o : 




Beloit^ 




el* ^4{ T 3*513 b r. ; 


.r ; . , . ■ 4748 ; v.; • 






- 3,.- i(€9£inchf a .c 




1. z ' f- " . 'i 




' £0-32* 


• " ''6384-* ' 






(80 incfir)" ' ~ 
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: [0tfl2]' * It wiH be ^apprectate^rthat'the manufacture of such belts ^qofnplicatSd 'I5y tHie ! Fd'quii'erTient that the base i fabric 
t / *"-*k>e*eBdless , *pribrt6 its' impregnation with a 'synthetic poly mertc resin.' '° ^ :i ~ ~ : 

y fCQ13f r Ne^rthetessrbelts"of this variety; havS been successfully Manufactured for some years', however, tw6 lin- 
/ v genng problems 1 reinain in the man ufacftfring process. ' *" z ," lo: 9r; : ' " : " 

[0014] Firstly, it remains difficult to 'remove all "of the afr ifrdm th| bkse ^fabric during the impregnation and coating 
process. As implied above, air rernalning in the woven structure of the 'base fabric manifests itself as voids in the final 
belt pVobuct. Such voids may allow the lubrication used between 'the^ belt' and the arcuate pressure shoe to pass through 
^ the belt and contaminate the press fabric or fabrics and fibrous web. As a consequence, it is important to^get all ^jur .out 
^'■_'6nhe-base"febr1c to achieve its'cortiiiieie impregnatbh'by (he lynthiBtjdp^lymBrib resin being used.' ' ' Jt "" w '.. 
* [OOfSJ " Secondly, ^ reiTiains'difficult to provide the inner "surface of the belt with alayer of sVhthelic pdlymenc resin 
i[ witfeui inverting thirbehjiuming out) at some point db'rln^the'te process, it will be appreciated 

that belts 6f the dimensions given above are not readily turned inside out, arid that T the act bf doing so places a great 

• strdih oh the irnpreghating and coating materiai; 'often leaving weak VpotV~which may 4 develop into f ull^iedg'ed holes 
through the belt. Accordingly, the widely used technique of providing a layir of'polym^iic resin rnlferial qo th,Q outside 

l0!i of the beltl and inverting of the belt to fyace the 1 layer : on the irislclel "has nofyielclecf consistently satisfaiptory results. 

[0016] The present inventioH provides a solutrbn to tKese 'problems , which characterize prioF-art methods for man- 
n - "uf^cturihg resih-impregnalecl endless belt structureV, by including the* use"of an Sndless base fabric' 'haying a more 
open structure than those bfthe prior art to decrease the like lihobd that air win be trapped therewrthin, and by providing 
' •^Oay^r'oHhe polymeric resin materia! on the inner surface of thB !j belt wfthout having' to tum'lhe belt inside o'Ut at any 
:r " time'xi tiring th^ mahufacturins process. ' ~- r - ~ ' ? ,c - ' " ■ ' :r 

h ^ c'-lnv;.. * n-.- \~; C ") ... - ^ . *' ' d ' ? ■ . . ,! - ^ c ^Cw : 

- : "^mrnary of the Invention ' ' f v ' ✓ • * . . ^ \ ■ . ■> / - . 

• ^061?]^ : Accordfngly,'the dbject of the present invention Islojafefeid^ 

:;: etfdies\ f beltf and the resulting belt product, for usein the papeYmaklr\^Yc£ess or "irt dthef fhcftjs^rial application^ where 
an endless belt, impermeable to water, oil and other fluids, and having at least one smooth uniform side] a uniform 
thickness? afiraslbn resistance arid required hardhess characteristics, is desirable-. " - ~ ~ ' ' *" " x - 

* ~[00i8] lCi Dne Stich application is as a belt used on long' nip presses' of ther shoe ty|p§ "dh'^a^er machines" For this 
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application : the belt needs to be smooth and impervious to oil on the side that rides on the lubricating oil film on the 
shoe, which forms one side of the nip. 1 The side away from the shoe can be smooth or can be provided with void volume, 
in the form of grooves or bjind-drilled holes, into which water expressed frbm.a paper web in the nip can pass. 
[0019] A second such application is as a belt used tor the calendering of paper either in a roll nip or in a long shoe- 
5 type ni£; Such a belt is required to be smooth on both sides, impermeable to oil (when used in a calender having a 
"long shoe-type nip)', of uniform thickness, and having the hardnesses required for eacrYside. 
[0020] In its broadest form, the present resin-impregnated endless belt comprises a base fabric in the form of an 
'^endless loop with an inner surface, an, outer surface, a machine direction and a cross-machine direction. The base 
fabric has machine-direction (MD) structural elements antf'c'ross-machine-direction "(CD) structural elements, wherein 
io at least some of the MD structural elements are spaced apart from one another by a distance in the range from 0.0625 
inch to 6'. 5 inch (0.16 crh to i .27 bm), and wherein at least some of the CD structural elements are spaced apart from 
one another by a distance in the range from 0.0625 inch to 0.5 inch (0. 1 6 cm to 1 .27 cm) . The MD structural elements 
cross or are interwoven with the CD structural elements at a plurality of c rpss in gpojnts,. where, the MD structural 
elements and the CD structural elements are joined to one another. The joining-may be"by*mechaffi^ or 

1$ thermobonding means. . , _ - > . ; -£ c' 

10021]',' the ^ belt turther' comprises a coating of a Vrst "polymeric resin on .the jnner surface pt jh&base fabric.. The 
r coating fmpreghates and renders the base fabric in] gprmeable to; liquids/ and forms a layer on .the jqner "surface thereof. 
The coating is smooth and provides the foek wftfi a uoiform thickness.The resin impregnated lis > the, space on. the. inside 
; of the i fabric,' tbe voids 'in the fabrfc structure, ank^ outside of tl^e. fabric structure. 

: [0022] The method lor manufacturing; the^r^^ endless bell requires* the use of a spjooth, 

polished cylindrical mandrel, which is rotatable about its Wgitubihal axis. The mandrel is disposed so that its icjngitu- 
dinal axis, is. oriented in a horizontal direction. _ ., ^ . , ^ ^ , ^, , ■ ^ , y ^ i^rc 1 

; [0023] A "spacer rtng having. ah inside diameter eg^ cylindrical mandrel is disposed, on'and 

^ is slideible afong the cylindrical' mandreL the spacer rir\g has a thickness, measured radiatfy^equaUo^that desired for 
th"c t layer 6fpbiymcrb..?csin . . , } ( . , ... , . ^. 

[0024] The spacer ring, it follows, has an outside diameter equal to that of the base fabric' described above which is 
placed in sleeve-Jike fashion over the mandrej. and spacer ring. The base fabric is then placed under* tension in the 
_ longitudinal direction of the cylindrical rrianclrefby suitable means." n _ , . .... ; - r - : ,/ 

[0025] ' The spacer ring is'then movedto one end of the base fabric on the cylindrical^mandrei, and the mandrel is 
30 rotated about its hori7ontaliy oriented longitudinal axis. Starting next to the spacer ring, a first polymeric resin is dis- 
pensed onto and through the, base labric in, the form of a stream.from a clispenser. , t . 

[0026] ; The spacer ring arid dispenser are moved lorvgitudi'najiy along the rotating cylindrical mandrel, the spacer 4 ring 
' " moving ahead of the dispenser, at a constant Vate^sVthat the first polymeric resin will be,applied onto the base, fabric 
~ in the form of a spiral of preselected thickness. The spacer ring ensures that a layer of desired thicknesses, provided 
35 on the inside surface of the base fabric, while the' base fabric is so impregnated. , v , . r 

[0027] The first polymeric resin cures by crosslinking as the coating process proceeds across the base.fabric^ After 
completion of the resin application, the outer surface of the belt may be finished to a smooth surface or to$ surface 
* containing void volume. t *_ " ( •» 

' [0028] The present method may be used to manufacture resin -impregnated belt structures for use in all phases of 
40 the papermaking industry. That is to say, ttiat endjess t>e(t structures may be used as roll cbyers, and calende^belts, 
as well as on long, nip presses of the.shoe type. . ..* . , ;1 : -, r 

" [0029] The several embodiments t of the present invention will now be described-in more complete detail. In the 
description, frequent reference will be.padejo tlje drawing figures identified immediately below , , _ t -. |V#0; ^ : 

45 Brief Description of the Drawings ~_ , , ■ ^ 

[0030] ..J \; c , ..\ K ^ : 

Figure 1"is' a side cross-sectior^al view of a long nip pre^ss; ~ . f : i 

so Figure 2 is a perspective view of a belt made in accordance with tt?e method of the. present invention; - c . 

. Figure^ is a perspective view of an .alternate embodiment of the belt; . . , . f 

Figure 4 is a perspective yjew of anptber embodiment of ; the belt; *,, 

„ J F'9Hre~5 is a plan^view of a base fabric, woveVi using the Leno principle, for the,|pelt pf the present invention; 
Fi gu re >fe'j% a cross-sect ionaj vie^w.t^enas indicated by" line 6-6 in.Fig.tire 5; ; , . ; : -s ^ -. • - ' ^ .' : 
" „ . /..^i9>Jr^T~js a plan vieyv of a knitfed,feais.Q iabric Jpr the present invention; , , , . . . r , v : ;; ^ , - 
. ! ^9HrV? >. s .apl3p view of anpther knitted basefabric for the present invention; - , <v 

' Figure § is a cross-sectional view of a base L fabric, woven in a plain weave, for the. present invention; V. .. 
-„ r F'9 ur © ffl ' s , a P^O view of another woven base fabric for the. present invention; ; ■ ^ , 
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Figure 11 is a cross-sectional view of a non-woven base fabric for the present invention* 

option; 

rprecursorstiown in Figure 12; 
i present invention; 

t . ff . , ™ . . .. r , . rr . , "indicated by line 15-15 in 

that figure; 

Figu 

Ri< 

that figure; arid 

Figure 18 is" a cross-sectional 'view otthe belt emb'c^imerifshown In Figure 4^taRe'n as indicated by Tine 18-18 in 
'that figure/ ;V ' " ' - " : ■ - : r - 

. >i ■ * -n;. - ; r *! :i .1; -. r. ■ 

j >t.i .n- 3 ; i*,v j-/c--.v -.vii '* 



-igure 16 is a^cross-sectiorlaj view, anajbgous fo that given jnRgurejI^^fo'r a belf having a coating on both sides; 
r igure 17 is a crosls-sectional view of the be li' embodiment Figure 3i r taken as indicated by line 17-17 in 



Detailed Pescrij)tt6n of the Preferred Embodiments 




, 3 t „ r . .... C1 - ~ . > 1 0^ ^mbotri cyUnplrical 

^ * v pryis folf 12 may ! be a cohirolfed crbwrxTdir Wfaichecj. to'ltfe arcua&ftress^ to' obtain' a level cross^-macriine 

Endless belt structure 16 extends in a qlosed lc>op througn^njp 10, gepaVajingT press Jrpll IS'iror^accilate 
r ,wv r .vShbe 14.' A w%l pressJa'bric 1 8 and a fibrous web^ into a paper sheet p^ss^ogethdrfhroUgh 

- Vifp l6Wiridicate£by&^^ Fibrous We^Sdj^lu)^ fabnc^li an^'6o^es impVirect 

25 contact with smooth cylindrical press Vbll 12jn°n;ip idf*F ibrous'wcD 26'ano^ wcTbrcss fabric tS^rbceecftruouor) the niD 
r * 10 as indicated by thearrpWs. : '~ - i; f ^; -^-^ -q-^o - 3^3. ;„ • « ■ -.- , ^J?' p 

[0033] ' Alterhativelyr'fibrous web 26 may "proceed thrqugh;1he' njp^TO^Det^ press feb>^ps"1 8., In such a 

situation, the press roll 12 may be either smooth or proy^^ as^grooves pr blind-d,n|led 

'holes. Similarly, the side 'of endless belt structure fdlacing the wlrpfess faorics 18 m|y also 1 Be smooth orprovl&ed 
30 with'void-vblume means': ; ?r * ' ' • ? 0 ' - 1 ^ r\r ^ \ \ ^ c a --c ,?t- . : • ■ 

[0034] In any event, endless belt strucfu re 16, alsb rr^yihg thrpu| 1 0 Wind icated by the arrov^J*^ is, 

; counter-clockwise as b^pipt^ in .Figure 'l', u prpfect^ Wef p^ss fa 7 f3r1c;i8 froh direcrsiiding ^ 
pressure shoe 14, and slides thereover on aibbrcatingjjlrri^ 16, accordingly; musf be 

impermeable to oil; so that wef press fabric 18 and fibrous^ * ; 
[0035] A perspective view of belt 1 6 is p : fovided'in" Figure 2. f rteVelt 'l 6 has an inHer surface 28 and an outer surface 
30. the outer surface 30 is finished to a smooth surface. 

[0036] Figure 3 is a perspective view of an alternate eriibocflment of the belt 32. The belt 32 has an inner surface 34 
and an outer surface 36. The outer surface 36 js .provided with a plurajtty^of grooves 38, for example, In the longitudinal 
direction around the belt 32 for the temporary storage o¥ wiifer presseeffrom fibrous web 20 in press nip 10. V f ... 
[0037] • Altemative^the outer surface of 'the belt maj be provided with a plurality of biincf-drilfed holes, arranged in 
some desired geometric pattern for the temporary storage of water. Figure 41s"a perspective" vVewof such^an aJte^jEite 
embodiment of the belt 40. The bert 40 has an inner : sbrface 4b alid In oUter'^rfa^^i. The qut^r surfabe 44 is 
provided with a plurality of blind-drilled holes 46, so called becaus'e they do'hot extend completely through the belt 40. 
Moreover, the blind-drilled holes 46 could also be connected to one another by grooves. 
45 [0038] The belt of the present invention includes a base fabric having machine-dtrecttorr (MD) antf-cross^machine- 
direction (CD) structural elements and having a much higher open area than that characterizing the base fabrics of 
the prior art. Because the base fabric has such a high open area, it cannot be produced using conventional techniques 
alone, which tend to leave a high-open-area fabric sleazy, dimensionally unstable, and readily distorted. In the present 
invention, the base fabric has an open structure in which tn<3> MD arid CD structural elements are joinedlt6 one another 
so at their crossing poihts by mechanical, chemical or the r'^ ' e ' ! > r r " 

[0039] In one embodiment of the present rnvention, the ba'se fabric is woven in an endless lerio weave! A^plan view 
of such a base fabric 50 is shown in Figure 5. Base fabric 50 is 'woven fVbhS ^arp '^rris" 52,54 and weft yams 56. Warp 
yams 52^54 twist one around the othert>etween picks of weft yam 56. VWp^aiTVs 52 remain on one side of weft yarns 
56, and are referred to as the ground threads. Warp yarns 54 wrap over the olh&r side of weft yarns ^6' ateacft crossing 
point 58, but wrap under warp yarns 52~between crossing points s¥fc mfehahibally : jockthe weff yarns256 iK'ppsition. 
Warp yarns 54 are referred to as doup threads. This manner of weaving gives firmheWand s'trengtrl to an op r en weave 
and prevents slipping and displacement of the warp and "weft yarns;' : r ' ' r - c -*_ 

[0040] In an endless leno weave, warp yarns 52^54 are the CD yarns of the endlessly woven base fabric 50, and the 
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weft yarns 56 are the MD yarns. ....... 

[0041] Figure 6 is a cross-sectional view taken as indicated by, line 6^6 : in Figure. 5. and illustrating how warp.yarn 54 
: wraps under warp yam £2 after each crossing point $8 to mechanically toqk weft.yams 56 in position. 
[0042] Babe fabric 50 may be woven ffomYpolyester multifilament yams^fri suqb a case, each pair of warp yarns 
s -■' 52,54 may have a combined denier of 3000, while the weft yarns 56 may themselves have a denier of 3000. In general, 
the- selection of the yam denier, is 'dependent upon the final MD and Cp strength required for the belt to perform |n the 
" finaf application. The spacing between each pair, of warp yarns 52,54 may be in the range from 0.0625 inch to-0.5 inch 
' (0.16 criri to 1".i27 cm), and the spacing between [each of the weft yarns 56 may also be injthe range from 0.0625 inch 
to 6,5inch (0.16 cm to 1.27 cm). As is well known to "those of ordinary skill in the art, base fabric 50 may be woven 
io from other types of yarns, such as monofilament and plied monofilament yams, extruded from other synthetic polymeric „ 
resins* such as polyamide. resins. " '.,..»'../ . - - f -.^ ~lr >>r - * - , 

[0043] In another embodiment of the'pV^seniinventiohl the base-fabr^ a circulator flatbed knitting 

process in the form of an endless loop. A plan view of such a.base fabric 1 20 i§ shown in Figure 7. During the knitting 
I fcrbcessf, Mp yarns i'22 and CD yarns i'24 arejaid into' the. knitted structure 126 formed by yarn .128, and interweave 
is ~ with the loops formed by yarn 128^ but opt with, each other. The kriitte.d ,$tructureJ26 mechanicaiJy locKsihalvjD yams . 
: 122 'and' CO yarns 124 together. \, \ " j' , ] , z ~V/ ; V - - '* t _ 

10O44] ~Base" fabric 120 may be produceid'frpm polyester multifilament, yams. In such a-pase ; MD. yarns 122 and CD 
yarns 1 24 may each have a denier, of 3000, aad r y'arh^*12g forming Jknltted struclyre J26 may also have a denier of 
3000. The spacing between MDyamsJ22^ 0- ( Q625 inch to O.SJnch (0.,16cm to 1 .27 cm),-and 

20 th : e^p"acing between CD yarns" 124 may also be in .the jaoge f rpm 0*0625Jnch to 0.5 inch (0. 1 6 cm to 1.27 .crnj^As is 
we 1 1 known to those" of oYd ina ry jski II i n th e , a rt, ,b$se^ fabric 1 £0 may. b,e produced f rom. other types of yarns,- s uch as 
Monofilament and plied monofilament yarnsj extruded f Qorn other ; synjhejic polymeric resins, such as polyamide resins. 
[0045] In still another embodiment of the p^sept invention, the. base fabric. is knitted by a Raschel .knittings recess 
" in Tthe ' form of an T enciless loop. A plan View. ol such. a base fabric 13Q is shpwn io Figure.8. .During th e knjtt in g -process, 
25 MD yarns 1 32 are laid into the ^Rache (^knitted CjD,yQrns^''34,fQrrno.d by fitting strand t36. MD yams 132 and CD yarns .. . 
* 134 are' mechanically Icote . ; , • 

[0046]' Base fabric 130 may be produced from polyester .multifilament yams. In such a, case, MD, yarns 132^ and 
strands 136 may. each have a denier^of t 30Q0.. the spaping between MD yarns 132 may bain the range frpm-0.0625 
inch to 0.5 inch *(0. 16 cm Jo 1^27 cm), and the spacing between CD^yarns- 1 34 may alsp^be in the range from 0.Q625 
30 inch to 0.5 inch' (0.16 cm.tp/l .27 cm). As is well known, tp those of ordinary skill in the art, base fabric .1 30 may be - .. 
produced from other types of yams, such asj^onofi lament arid, plied monofilament yarns, extruded from other- synthetic 
polyrfieric resins, such. _ias polyamide resins^,,." . v T ^ ' " ' 0 - - X 

; [0047] " In ah alternate embodiment of the present^invention'.-the base^abric is woven in a plain weave. Figure ,9 is a 
i crpss-sectional view of such a base fabric 60. which" nj»ay either be flat-woven, and subsequently seamed into endless 
35 ' 'ffjdrrn, or woven endless! In the former^ case, ,warp yarns 62.are in the machine direction of the base fabric 60,- and weft 
" yarns 64 are in the'eross-machine direction. In jthe latter situation, warp yams 62 are in the cross-machine direction, 
arib" weft yarns 64 are in the ^machine direction. .. . . 

[0048] Again, base fabric 60 may fcte woyeri frbrn polyester multifilament yarns. Warp yarns 62 and weft<yarnsi64 
may each be polyester multifilament yarrisjpf about 30Q0 denier coated with a thermoplastic resin material. The spacing 

40 between adjacent warp threads 62 and between adjacent weft threads 64 may again be : in the* range from -0.0625: inch 
to 0.5 inch" (0.16 em'to i .27 cm). Base fabric 60 may also,be woven from yams of other varieties, such as monofilament 
and plied monofilament yarns, extruded from other, synthetic polymeric resins, such) as- polyamide resins, as is; vyell- 
J "knbwn to those of prdinary skill in the a^t*. these other varieties of yarns, too, may be coated wrth a thermoplastic resin 
material. ' "'' "'"' J ..'.^ " \ f r t . ' ... . , t : , , c ; 

45 [0049] After base fabric 60. is woven, it is , exposed to a heat treatment sufficient to soften the thermoplastic resin 
material coating the warp yarns 62 and the, weft yams £4, so that they bond taone another at the crossing points 66 
to stabilize the weave structure. Alternatively, instead ot, using. yarns coated with a thermoplastic resin material* the 
base fabric 60 may be woven from uncpated, poly ester multifilament yarns of about 300Q denier, and, after/weay[ng, 
coated - with a chemical material which bonds the warp, yarns 62 to the weft yarns 64 at crossing points 66 to stabilize 

so 1 the weave structure! , ^ , . . . ~ . - . . , r:o 

[0050] "For example, base fabric 60 may be woven from warp yams 62 and weft yarns 64, which are bojruplied 
multifilament yarns comprising bicomppnept.sheath/cpre filaments, wherein the sheath and core -have, two different 
"'melti'ngj^oint's. Yarns cc^'prisingiilaraentsof this type are-available Irom Kanebo under the trademark BELL COUPLE®. 
^ The filamerilslhave.a polyester cpre wrth.a rrielting pojnt in a range from-100°C to 500° C, and a polyester cpppjymer 

ss ^sheath, with X\^e*t{ng, point in a range .^rom.50°C to ^450° C. Filaments having denier in a range from 0:5; to, 40 jare 
" ayaila^ble\ In practice', a 10- or 12-ply version of a 250-denier multifilament yarn including 16 filaments twisted : together 
at^a rate turns/rneter (0 : 39 turns/inch) may be, used. The heat treatment would be carried out at a temperature 

higher than the melting point of the. sheath, but below the melting point of the core to thermally bond the warp yarns 
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62 to the weft yarns 64 at crossing points 66. 
~ - [0051] Warp yarns 62 and Weft yarns 64 may alternativejy be polyester muftifilarhent^arns having a thermoplastic 
polyurethane coating. Yarns of this type a re commonly used as tire cords.'for which the polyurethane acts asa>tie.coat 
• to bond the yarn to the tire material. The' heat treatment would then be carried but at a temperature betweenjhe melting 
s points of the polyester ancf the thermoplastic pblyurethane : , the iatter/being the coating," haying, the lower melting point. 

* [0052] Finally, as noted above, base'fabric 60 may be woven from warp y^rns 62 and weft yarns 64 which are both 

* uncoated polyester multifilament yarns. After weaving, the base fabric ^60 may then be chemically treated with an 
acrylic, epoxy or other polymeric' resin coating material to chemically bond the t warp yarns 62 to the weft yarns 64 at 
crossing points 66/ ' * ' t 7 s "! ' 

io 7 [0053] In still another embodiment of the present invention the base fabric is woven In an open weave wbereKthree 
yarns weave side-by-side in each direction of the fabric, each such triple being separated from the next in each direction 
to provide the -fabric with a high open area. 'Figure 10 is a J plan vieW'df such a base, fabric 140, which may either, be 
flat-woven', and subsequently seamed into e^ricllessjolrr^rbf ^ wjoyeh ertdfess. in the forrner case, wacp yams 1 42 "are in 
- the mkchlrie direction of the base;1abric T40 7 ; ahdweft ^rnsi^^^ In the latter 

is situation^ w^rp : yarns ; 1 42 are in the^cros^-mac^i'n^ direction /"ahd^eh ya'rhs 1 4a are in 'the rr^acnine dTrectiort. In either 
case ; three warp yams 142 and three weft yarns 144 weave side^-by : s]de^ in 
Sach-*direcfi(brt-is- Separated from the- next- tb proVjde'trte faf6nc { WftK i hjQ^ipjgn area:' . \-.. 3- , ' t , [.''. 

- [00/54] : ^tifc'se fabric 140 may be wfcW^ ^Vajrp yams°f4^ and weft yarns I44,may 
-'each be polyester mult ffilamehr^rrSs ora^quf 1^ The. spacing 

20 -between'each triple of warp yarns a^'weft yarrte l4^%|y^a^aiH BnS'ih fhVrange fro^ 

cm to '^'.27 cm). BaWfabric 14tfmay'ai^ frc^^a^hs^bf olh^er 1 varfetfes, such^ajs monofil^menT and plied 

,r: mbrbfiiame^PyaYnsr;extru Irdrti' oilier 'sVrtfheW^ r ®^^- H w^'-KPPwn to 

-H'ho^ofordfriah/sRin in the art; Thefee dther varieties' of yvitffa ^ resin ,rna,te rial. 

cC [0O£5] After theliasffaD^ itis*'6xp6Wed tpfe^ 

25 -" material coating the waVp yarns' 'f4£ ahdTrVe weft yaVn ! s~i 4^^ points 
146 to stabilize the weave structure! WernativeiyfthV^^ 
: ; 60 , discussed aboVe may be enfipfoyed to fctat>i lize base lab r?c ! 145.' ^ "t U ,1' J . - V • --- 

[0056> ih : ahothfer embodiment of the^pre~s v eht frYvehtion, thi£ bs£e fabric' is a nort^bven fabd ^g^jre'l 1 is a cross- 
~~- sectional viewof*such at>ase fabric 15(£ which includes 'fVlD yarn's; fS2 and CD yams t54, . w^ich are bonded to one 
30 ' another "at" their crbssing^poinW^Se: Basefabric 15Chs in* erYtitess-lc&p^form. Mfi ya>hs~1^^ 

* - toop fdfirri; which* btii yarns 154 are disposed thereat 

[0057] Base fabric 1 50 may be assembled from polyester muttif ilamerft yams. jvID yarns 1 52 anc-^CD' yams 154 may 
each be polyester multrfilameint-yams bf^bout 3600 denier 3batecP\%h r a thermoplastic "resin material. Tr^e spacing 
- ' between MD yarris 1 52 and between CD ykrns 1 54 may again b£7n the rangelFom 0. f p625Jncji to 0.5 inch '(6. if 6 cm 
35 to 1 .27 cm). Base-fabric 1*50 may also be assembled from yarn's of othe^Varieties, such as c monofilament and plied 
monofilament yarns, extruded from other synthetic poly merit? resins, 6uctf^s c poiy^mide°re*sins, as is weli-known to 
those of ordinary skill in the art. These other varieties of yarns, too. may be coatecTwitfi a thermoplastic resin material. 
[0058] ' #s ba'se fabric 150* is being assembled, it is exposed to 0 heat Udatmeni sLfffci^pt to soften tfie mermoptestic 
i ! ' r^siri material boating Ihe Mb yarns' 152 and CD yarrls I sVto^bondl^eTrf together at tlVejr crossing points 156, Alter- 
40 ^?ia\^eiyrtHe*6'ther methods for stabilizing "the weave structured r baSse7abric 60r discussed ^bpve, may be empJoyed 
r to bcVid MD-yarns ^1 52 t8 f CD yams 154" at thefr c rdss in g points fse'.^" ' _ fj. , 

[0059]^ In'yef another ernbbdiment of-fhe present invetvHon, the Seise fabric is'; a" knitJed fabric that . is bonded. after 
havirrg been stretched as' far as possible in'its machfriW and cro^s-ifiabhine^dfrdctiohs* Figure 1 2 is a plan view of a 
precursor 160 for a knitted base fabric prior to being stretched and bonded. 
45 ■ [O060] '' Prectjfsbr 160 is^riitted by'axirculaT or flat-bed knihrng pfdcess In the fdVrn of ah" en&lesj loop. The machine 
7 anfd cross-machine directions; MD arid C0 t respectively, arenas ihdidated In the figure. 1 '/"^ ** ' ^ ; 

- [006'1] : Precursor 160 may "be knitted from a polyester muftififement yarn 162. Theyafn is^'may pave;a clenie^of 
: 3OO0 ,v dhd a coatincg of a thermoplastic resiri rriaterlal. As^is w§ll : KrrbWn ib thS^e of ordinary .sfcilr in th'e art," precursor 
" 160 maybe produced frbrri dth^r types of yarns, such as monofilament ahd pfted monofilament' yarns," extruded from 

so other synthetic polymeric resins, such as polyamide resins. These other varieties of yams, too, may be crate^ .with a 

* thermoplastic^ resin mate rial. ^ J c * " ' * " " J ' ' /' ' * " ... V(g l 
" [0062] Once the precursbKl^O has been complete^ knittetJl it^is stretched far as "possible in both the 

" anS eross-mkchine difecYiohsV When this Is done, toopsHB^^completely clb¥e, and the precursor 1 \ S0' iak'e^;'thelbrm 
6T:bas€HfMb*ric 170, shown in plan view* in Figure 1*3. While helcf in sucffa'don^ is exposed to 

55 • a Weat treatment sfirfflci^nf to "soften- thehhermopfestic rekfn materiaT bbating-the' /am 1 iB^/soJhat^^ 172 

f - bf-iente"d in the -cross-machine -direction bond to one another; and fhe s^fbtWn's -i 74" orientecilnfth^ 
bdhdlb the^sections 172 oriented in the cross-machine directionat crossing points 176, theVe^by ;stabilizihg_the structure 

' of base fabric 170. Altematfvely, the other methods for stabiffzing the weave^structure of'base fabric 60, discussed 
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above, may be employed to stabilize base fabric 170. ^ ^ 

[0063] Sections 172, oriented in the cross-machine direction/ and sections 1 74^ oriented in the machine direction, 
are separated from one another by amounts in the range from 0.0625 inch to 6.5 ]och (0. 1 6 cm to 1 .27 cm). 
[0064] In any event, the exact materials and sizes of the yarns in the structure p( any of the base fabrics described 
above may be varied to meet the , mechanical requirements of the gppJicatioa*ior. which the belt of the invention is 
intended: In addition, the yarns of the base, fabrics may be coated with a polymeric resin having a chemical affinity for 
that to be used to impregnate the base fabrics'to act as a tje coat between the impregnating resin and the base fabrics 
' and to which i the impregnating resin wilfchemicaNy bond. _ ] " " J [ c \ 
[0065] Figure 14 is a perspective view oithe apparatus used to manufacture the belts of the present invention. The 
apparatus 7d comprises a cylindrical process rpll or mandrel 72 haying a smooth and polished surface. Preferably, the 
^surface of mandrel 72 is coated with a material, such as polyethylene, poiytetraluoroeihyleae (PTFE) or silicone, which 
"will readily release a polymeric res K; v' 

[0066] A base fabric 74 ; of one of the CQnstr^ctipgs set fprthiabove, is/cfisposed in sleeye-like fashion upon the 
mandrel 72.; The, diameter of the endless fcjpp formed 2 by the' basest ahrip 74 is equal to the .diameter ,of the cylindrical 
mandrel H plus twice the; thickness of the Jay ei ^ of.poiympric resin required on the insioe of the, belt being produced, 
that thickness beihg measured between the tese* fabric 74 and the inside .surface of the belt, being manufactured. 
[0067] Affixed clamping ring 76 fixes the. base fabric^ atpnaend pf the, mandrel 72. A movable clamping tension 
ring 78 is disposed at the other er\d of the mahHr^l.72, and places the^base s fabric 74 under tension' longitudinally with 
respect to" the mandrel 72, that is, in the prQss-rp.achine^ of Yhe/basie . fabric 74^Botb the fixed clamping ring 
76 and the movable clamping tension rtng'78 hav^ a damelVrr^qyal to that of the base fabric 74. 

[0068] A spacer ring 8p, having athjckn^seq^ pf polymeric resin on ( the ins^e'of the 

belt being manufactured, is disposed about the'mandce.1 72 beheath c th.e base, fabric 74. f heipacer ring 80 is, axially 
translated alonglhe mandrel 72 by cables 82, which are wound onto take-up drum 84 by motor 86. " : 

[0069] ^During the coating of the base fabric 74, the mandrel 72 is disposed so that its axis is oriented in a horizontal 
direction, and is rotated about that axis by ahotfror motor or dGyigo not shown in Figure 1*4. A dispenser 88 of polymeric 
resin is disposed" about the horizontally orjented 'mandrej 72, 'arid applies. polymeric resin "onto ' the... base. fabric 74 
substantially at , the topmost point of thja rotating rnarjdref 72.*The base, fabric 74, as described above, has a sufficiently 
; high open area/to allow the polymeric resin to flow' gn impeded therethrough fUling the space between the base weave 
and the mandrel. " ' " \ i ""^ ' ' ' * " 

30 [0070] The.polymeric resin impregnates thebage, fabric 7A K and renders the belt being manufactured impervious to 
oil and water. The polymeric resin may be gplyuVethane/and preferab is.a.1 QQ% solids composition thereof . The use 
of a 100% solids resin system; which by definition, lacks a solvent materia), enables one to avoid the formation of 
bubbles in the polymeric resin during the curing process through which it proceeds following its application onto the 
base fabric 74. ' ^ ~ ' \ \ 

35 ^ [0071] The mandrel 72 is disposed wit h% longitudinal axis oriented in a horizontal direction, and rotated thereabout. 
~ A stream 90 of polymerfc resin is applied to the^outslde of the base fabric 74 by starting at one end. of , the mandrej 72, 
for example; at movable clamping tension ring 7B, and by proceeding longitudinally along the mandrel 72 as it rotates. 
J The dispenser 88 is translated longitudinally aboye the-mandrel 72 at a preselected, rate. to apply the polymeric resin 
to the base fabric 74 in the fcrm of. a spiral; stream. To support the/ base fabric. 74, the spacer ring 80 ajsa proceeds 
40 * longitudinally along the mandrel 72 just ahead of the application edge of the resin stream 90. " : ' . " . . I, 
. _ [0072] In order fqr thejDolym eric resin tppenetrate the, base fabric 74 to form a/esin layerjon the inside of 4he base 
~ " fabric 74 without entrapping air bubbles therewithjh/jbe openness of the base fabric 74 and the viscosity of the polymeric 
resin at the point of application are. important A actors, That is to say, the openness of. the, base fabric 74 must be 
sufficiently high, and the viscosity of the res'in sufficiently low, to enabie.the polymeric resin tp.penetrate readily through 
the base fabric 74 without entrapping "air bubbles.. Further, the polymeric resin must be able to cross-link to the "green 
"state", where it has cured to a point' where it will no longer flow as a liquid, in a time less than that needed for the 
mandrel 72 to make .approximately pne third of a revolution. In this way, the polymeric resin will cross-link to theV^reen 
; sHate'before the rotation of the mandrel 72 brings it to, a pojnl wherejt would otherwise be able to flow or drip from the 
" "mandrel 72. ' V '" " 

; [0073] The flow rate of the stream.90/of polymeric resin can be. controlled merely to penetrate the base fabric 74 
and to provide a layer on the inside therepf,' or to provide^a layer on the inside of the base fabric. 74, to fill the voids in 
... th ? ba ®? fabr i c 74 > aP d - possibly, to provide a layer of polymeric resin on the ( outside of the base fabric74. ^3 -^i 
. [pP7^i ; . 1 F Hrtfrp r . 'in an alternate embodiment of the present invention, two streams of polymeric, resin can be.appjied 
=^ X ?^^^^z^° ^V-° m tW ? ci'sp.ensers 88, 'one 'stream being applied over the other" In. this situation, the, first 
"stream t>t: polymeric resin may provide sufficieot resin tp penetrate the r base, fabric. 74 and to form a layer on the inside , 
cf tf ? ere 9 f . downjo the surface.pf the mandrel 72,'.' The firs) stream may alsp fill the base fabric 74, and. form a thin-layer 
^ °" the outside thereof. The secopd stream of polymeric" resin may then provide a layer on the outside of the base fabric 
-T* anc (. c P a ! in 9 ^wned I by the first steam of polymeric resin Using this approach., the first stream can be of pne polymeric 
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resin and the second stream can be of another polymeric resin. This is desirable where the coatings on each side of 
' the belts being manufactured a?e required tp have different hardnesses, such as, for example, is the case with an LNP 
belt having grooves or holes on 'its buter surface or, with "k calender belt. ' . 1 " f 

[0075] Figure 15 is a cross-slsctlbriarvli.ew of belt 16 taken as Indicated by line 15-I5jn.lfigure 2. The crpss section 

5 ' is taken in the transverse 1 , or cVoss^achlne, direction of bett 16, and shows that belt 16 Includes a base fabric 92 of 
' '■ the variety shown in Figures'5 and 6. That is, basp fabric 92 is woven iri an' endless leno weave from warp yarns 94,96 
and weft yarns 98. Warp yarns 94,96, viewed from the side in Figure 15^ are In the cross-machine direction of the belt 
16; weft yarns 98, seen in cross section, are in the machine directibn'of the belf 1,6;'Cr6ssing points 100, where warp 
yarns 96 weave over weft yarns 98 )V "may be visible on the outer surface 30 of belt 1 6^alsp known asjhe felt side of belt 1 6. 

io [0076]' The inner surface 28 of bejt 1 6, also k'riown as the shoe side 6f belt 1 6, *is f orrned by a. polymeric resin costing 
1 02. The polymeric resin 1 02 tmpV eghates'the base f abVfc'92, and' renders the belt 1 6 jmperyious'jo oil and water. Belt 
16 is produced using apparatus 70 shown in Figure 14, wherein stream 90 is, control leci to provide a layer of polymeric 
resin 102 on the inside of the b'asefabric 92, to fill the voidsjrilhe base fabric 92 L arid to provide a 'layer ofpplyrrjeric 

- c ' resin 102 covering crossing points '100 oh' the otfisfcle of ^&s6 /abricj?^. Xfter polymericjes^.1132 is.cuted, '^rnay be 
75 >■ "ground anlf pollsried to provide it with a smooth 1 surf ace.and the betf'16 with a uniform thickness. 

[0077]' It may often be desirable to have a polymeric resin coating on bbtn sides of the base fapnc pj a tpait^pf this 
■ ■ : kind to ensure that tile neutral axis of bendin g Pf thfe ^belt CQptides with trie* base fabric*.' wb©C?'. tftj4js the^caise; the 
* repeated flexing of the' belt, as it p"asseVoVer J t^ is less lik§ly to causV th^ Vplyrneric' resin 

• " j coating to break away arid delartiin^fe'f'rolrn'the base^br^ fesin^coatfhgon thepytside of'the 

20 ** belt (thaY is, the left side) rhay bfe provided wttfi gfooyes v ^ holes,' Indentalip 

? ' : pattern to provide* a sink for the temporary storage^ 20' in the press nip jQ y Using 

apparatus 70; the polymeric rfesin coating on the^uiside of 'th^ different f rom that bo the inside 

ofthe belt, as discussed above/ ^ 1*%^*" ^ll \ "^'^"rCV- 

*' [0d7S] : In thisTegafrd, Figure i 6 is a cfbsV-seciidriafviewra^ in Figure lS, for a belt VlO having 

2S~ - a coating' of a first'polymeric rbsin 1l2ohtric inslde^of base fabric 02 3 ar1d ( a coating bf a second pplymoric resin 114 
ohnhVoutside of Base fabric 92. Apparatus 70 is used lb rfianuf acture 6ehf 1 TO? JCftrst dispenser ^appliesfi 
resin 112'orito base fabric 92 ih°an amount sufficient to penetrate bake fabric^ and^'to fdrm a layer on the~ihside 
' thereof down to the surface of 'the mandrel 72 and to fill the liase fabric 9^. ^second dispehse>,8S Applies second 
polymeric resin 114 in an amount sufficient to coyer the first polyrrtenc resin 112 and base fabricJ9£ and to forrrua layer 
30 "- ^ of s/econb* polymeric resin 1 1 % thereover. First and second polymeric resins Yi 2" 1 id both Render the'belt 1 1 0 jr^pervious 
r 1 to' dil and water. 1 After first and second [idlymeYic resihsli 2 T'l ^ "feve'bSen'cured, secpnS polyr^ fjiay be 

" ground and polished to pVovide it with W smooth surface and the beiri10 with' a uniform thi^ r " 

[0079f I rr addition, folloWing the grinding and polishing of second polymeric resiri ti 4, it may be provided with grpoyes, 
blind-drilled holes, or other indentations for the temporary storage of, water pressed from a paper web. For example, 
3S "Figure'l^is a cross-sectional view of belt 32 tlk'en as indicated by iifje^ 17-17 in Figure d! Belt 32 js'cohstructed ihrthe 

- same'manner as belt 110 of Figure 16'. After first and second pblyrhefkf res in§^ 112!, 1^14 s haVe been cured, and second 
- 'jDolymefic resirf 114 ground* and polished" to provide it with a smooth* surf ace c 'and belt 32 with a uniform thickness, 
' grbove&*38 : rnaV be- cut intbthe quier surface 36 1 of belt 32: It will p6 cledr to those qtbrdinary^skilj.in the art that .the 

iL **iayerof second polymeric resin *11 4'should be oif a thickness sufficient to 3 enable grooves 38 to be cut without reaching 
40 base fabric 92. °'- " T;Sf *'- f r ~ ^f^' \_' % '^'/"' r ^J*: c . * ' 

[OOSbl' ^Similarly, Figure"-18 fs a crdss-Sectional view of beft 46 takerr as indicated by line 3 18-*18 ip FTpure 4. Belt 40 
is afsb^hstructerfiri ihe sable manner & belt' 11 0 of Pigufe^'l 6.' After first an& second pplymeric resins .11 2, 1 1 4 have 
' u beefi cured, ahef second polymeric^resin 114 ground arid polished to provide if with a smb6tKsurface.and,belt 40 with 
' a uhifbrmnhickness, blind-drilled hbleV46 maybe drilled into th'e'outef surface '44 bfbelt 4^! It y^UI a^ain'becle^r to 
45 thbse r bf ordinary skill in the' art that the layer of s'econd pqlyrrieric re&'in 112 should%e oi ;a thickness sufficient' to enable 
9 "**blind-driiled holes 46 to be drilled without reaching base fabric 92. ' ^ ] ^/ " " ' . \ * d f *L v .,". . 
; - [0081 J It^hould be ! understood, as' implied above, lhat belts 1 1 0, 32,40, snowrt in'crbss section jn Figures 1 6..1 7 and 
'l'&r ; respectively, may be manufactured usihg^nly one pdlymeric resih; ratrier than two, fhafis, father than a first and 
second polymeric resin 112,114. In those. cases, the polymeric resin penetrates the base fabric 92 tp jD/ovide a layer 
so ■ 6h the- inside theireof, to fill the" Voids" theVein, ahd to provide a layer on "the outside* thereof of sufficient Jhickness to 
^enable grooves 38 to be cufor blind-drilled holes 46 to be drilled without reaching l^ase fabric 92: . ' ■■ ■ ■ 
[0082] Trte polymeric resins used iri thepra6tfce of the presehfjnVerition'are preferably of the reactive type, either 
' 'bKt^cally^ross'-lmked'vwth a catalyst or cross^linked witW the application 'df iteat! Re'sins > Raying a ,100% soiidsVdm- 
" ^ostrtioW that ts I* lad king a solvent, are preferred,' as solvents'lend fd'geh'e'rate bubbles during ^'t|ie curinp process. 
55 - Polyurelhahe-resiffs^Wirig ; 100% 's^ids^cofripdsition's a're prbife^ed. 0 !''' 1 ^ ,vc " : ; V ' " It \ ^ > ^. Z 
: ' [009i] ^ The apparatus 70 used in* the practice of the present inventioh%ha6les 'a'"srr)o^th ^ to 
be disposed on the inside of a paper processing belt without the necessity of inverting (turning inside put) the belt at 
" - any time' during the manufacturing process. However, because the polymeric resih wllf tend to stick to fhe" smooth, 
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polished cylindrical mandrel 72, it may be desirable to provide the mandrel £2 with^a.sleeye or coating to .facilitate the 
removal of the belt therefrom when the polymeric resin has been cured. Polyethylene', pofyietrafluoroethylene (PTFE) 
or silicone- may be used for this purpose! * ' *'^*' , , ! it ' 

[0084] Modifications to the above would be obvious to those of ordinary "skill in the art, but would not bring the 
5 invention so modified beyond the scope of the appended claims. ^ 

Claims 

io A . A resin-impregnated endless belt for a long nip press or calender of the shoe .Jype, or for other papermaking and 
paper-processing applications, said resin-impregnated endless belt comprising: 

^ a base fabric, said base fabric being in th^ form^of an endless loop with an inner surface, an outer surface, a 

^ a ? n ' ne .direction and a cross-machine cjirectiqn, said base fabric having mach in e^ifectSon.(M 6) structural 

15 etenrients and cross-"machine<iirectibn fCTD) structu'ral elerrients wherein at Jeast some, of said MD structural- 

elements are spaced apart from one another by a distance in the range from 0.0625 inch to 6.5 inch (0.16 cm 
to 1 .27 cm), and wherein at least some of, said CD structural elements are spaced apart, from, one another by 
a distance iri the range from 0l0625 c inch to 0i5 inch' (0^1 6 cm to 1 .27 cm), said Mb structural' elernents crossing 
said CD structural elements at a plurality of crossing points, said MD structural elements being joined to said 

20 ... CD structural elements at said crossing points; and ...... 3 _ ... 

a coatirfg of a first polymeric resin on said innerXurface^ of said base fabric, said^coating.impfegni^ting and 
rendering said baselabric impermeable tpliqUids, and jforming ajayeron.tbe inner surface thereof, said coating 
being smooth arid providing said Belt with a uniform ttiickhess." ' ~ - w - - - 

25 2. A fcsin-impregnatod endless belt as claimed jn claim i further, comprising a coating of said first polymeric rosin 
on said outer surface of said base^ fabric, said first polymeric resin forming a layer on said outer surface, said 
coating being smooth and providing said ^ejt with a r uniform thickness, 



30 



3. A resin-impregnated endless belt as claimed in claim s wherein said coating of said first polymeric resin orusaid 
outer surface of said base fabric has a plurality of grooves, said coating, apart from said grooves, providing "said 
belt with a uniform thickness. 



4. A resih-impregnated endless belt as claimed in claim 2 wherein said coating of said first polymeric resin on said 
outer surface of said base fabric has a plurality of blind-drilled holes, said coating, apart from said blind-drilled 

55 holes, providing said belt with a uniform-thickness! ~ ~ . * 

5. A resin-impregnated endless belt as claimed in. claim.. 2 wherein said Jayerof first polymeric .resin on.saidiquter 
surface of said base fabric is ground and buffed to give said belt said uniform thickness and desired^surface 

•'characteristic's. . ' ' ' Az> J ** 
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6. A resin-impregnated endless belt as claimed jn clajm 1 wherein S3id first polymeric resin is r a polyurethane resin. 

7. A resin-impregnated endless belt as claim e^jrVclaim 1 further comprising a coating of . a second polymeric resin 
on said outer surface of said base fabric, said'second polymeric resin forming a layer on said outer surface, said 

^ coating being smooth and providing sajd belt^with a uniform thjclitoess, . . ^ 

8. A resin-impregnated endless belt as claimed in claim 7 wherein said second polymeric resin is the same as said 
first polymeric resin. f .,. 

P ?: A resin-irnpregnated endless belt as claimed in claim 7 wherein said second polymeric resin is differenUrprrveaid 
" first polymeric resin.' "' 

* v ^- r ^"® rn -*| l l7)B 9n?^ ^PCl* ess. belt as ciaimed w jn plaim 7 wherein said second polymeric resin has a greaterhardness 
than" said first polymeric resin/ " ' ' ~ — - ........ 

^ A /esin-impregnated. endless, belt as pjaime.d in cjaim 7 wherein said .first polymeric resin is a polyurethane resin. 
121 A resin-impregnated end ies§ belt as claimed in,cfaim 7. wherein said second polymeric resin isa polyurethane resin. 
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13. A' resin-impregnated endfess belt as "claimed irr claim 7 wherein said coating of said second polymeric resin on 
said outer surface of said base fabric has a plurality of grooves, said coating, apart from said grooves, providing 
said belt with a uniform thickness. 

_ . • , . * m ' v - ' : ■:■ . 

14. A resin-impregnated endless belt as claimed in claim 7 wherein said coating of said second polymeric resin on 
said outer surface of said base fabric has a plurality of blind-drilled holes, said coating, apart from said blind-drilled 
holes, providing said belt with a uniform thickness. 

15. A resin-impregnated endless belt as claimed in. claim 7 wherein said layer of second polymeric resin on said outer 
surface of said base fabrib is ground and buffed to^give said belt said uniform thickness and desired surface 
characteristics. ' * ■ ; . ■ n . 



16. A resin-impregriated endless belt as claimed in claim Vwherein;said base fabric, is a woven structure, said MD 
* : * structural elements being MD yarns and said CD structuralJJemehfs being CD yarns, said MD yarns being woven 
15 - ' with sfikf CDV^ ' . . \^ , 

if:- A resirVimpregnated endfess betf 'acclaimed fn^clairrf 16_w^ yarns are woven with 'said CD yams in 

: ^-'uplairi weave 1 -: :,< ' ' ~ 3 r: L *' ,J " " V./ 
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18. A resin-impregnaled endless bell as claimed in cJaimT 7 wherein at least one of said MD yarns, andjsaid CD yarns 
- -aVeicc^ed-with 1 a thefmo^i&stic^^^ material jpining said MD yarns to said CD 

yarns a1Vaid'CTD5"srhg'p6ims' J u|itoW application of a ^heat treafmenfon 'said base fabric after weaving. 

19. A resin-impregnated endless belt as claimed in claim 17 wherein said MD yarns and said CD yarns are joined to 
one another at said crossing p6irits by a chemical material applied to said base fabric after weaving. " 

20. A resin-impregnated endless belt as'clairned in claim'17 wherein said MD yarns are polyester multifilament yarns. 

: 21. A' resin-impregnated endless belt as claimed fn claim 20 wherein said polyester multifilament yams have a denier 

30 - : - .~of3boo;- ^ " •-" • - * ' 7 ' " : ' : -' y ^ ; ; r 

22. A resin-impregnated endless belt as claimed in claim 17 wherein said CD yams are polyester multifilament yarns. 

23. A resin-impregnated endless belt as claimed in claim 22 wherein said polyestermultifilameht yams have a denier 
35 of 3000. 

• ' 24. A resin-impregnated endless belt as claimed in claim 16 wherein said MD yams are woven ;with said CD yams in 
* :? a sin'gle- : layer weave wherein a plurality of at least one of said MD yarns and said" CD yarns weaye side-by-side 
one another " 
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* : 25. A r resin-impregnated endless belt as claimed in claim 24 wherein a{ least one of said MD yams and said CD yarns 
are coated with a thermoplastic resin material, said thermoplastic resin material joining said MD .yarns to said CD 
' ' yarns at said crossing points upon application of a heattreatrtYSntbn said base fabric after weaving. 

45 26. A restn-impregnated endless belt as'clairned in clainl 24 wherein said MD yarns and said CD yarns are joined to 
one another at said crossing points by a chemical material applied to said base fabric after weaving. . fct 

27. A resin-impregnaled endless belt as claimed in claim 24 wherein said MD yarns are polyester multifilament yarns. 

so -'-28. A resin-impregnated endless belt as claimed in claim 24 wherein said CD yams are polyester .multifilament yarns. 

29. A resin-impregnated endless belt as claimed in claim 16 wherein said CD yams comprise first and second paired 
'-''To CD yarns, said r first and second paired CD yarns being intei*woveh with said MD yarns jn an end) ess J eno weave, 

said MD yams and said CD yams thereby being mechanically locked to one another at said crossing points. 

55 

30. X resin-impregriated endie'ss belt as claimed in claim 29 wherein at least one of said MD* yarns and said CD yarns 
are coated with a thermoplastic resin material, said thermoplastic resin material joiriing said MD yarns to saio\CD 
yams at said crossing points upon application of a heat treatment on said base'fabric after weaving. 
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31. A resin-impregnated endless belt as claimed in claim 29 wherein sajd MD yarns, and said CD yarns are joined to 
one another at said crossing points by a chemical material applied toi said base fabric after weaving. 

32. A resin-impregnated endless belt as claimed in claim 29 wherein said MP, yarns are polyester multifilament yarns 

s - ' ' ' * c J 

33. A resin-impregnated endless belt as claimed in claim 32 wherein said polyester multifilament yarns have a denier 
of 3000. _ , 

34. A resm-impregnated "endless belt as claimed lr\ claim 29 wherein said first and second.paired CD yarns are both 
io polyester multifilament yarns. 

'35. A resin-impregnated "endless belt as claimed in claim 34 wherein said first and, second paired CD yams have a 
combined denier of 3000. 

75 36. A resln-impregnated endless belt as claimed in claim i wherein said base fabric is a non-woven structure, said 
MD structural elements being MD yams, and said CD structural elements being CD yams, said. MD yarns, being 
joined to said CD yarns at said crossing points to "form said non-woven structure. 

^ 37. A resin-lrppregnated.endless beltas claimed. in claim ^36 wherein said MD yarns are bonded to said CD^ yarns at 
20 ^ safd crossing points. ..^ '7. ".1 . V. . T . / [ " , ] . 

3fc. "A resln-impregnated endless belt as. claimed inilajm 37 'wherein, at, least one of .said MD. yarns and sai&CD yarns 
are coated with a thermoplastic resfn material, said thermoplastic resin material joining said MD yarns to said CD 
yarns at said crossing. points .upon application ota heat treatment. . , . . 

39. A resin-impregnated endless belt as claimed^in claim $7 wherein said MD yarns and said CD yarns are joined to 
one another at 'said crossing points by a ^ ' .* v . " 

40. A resin-impregnated endless, belt as claimed in claim.36 wherein said MD yarns are polyester multifilament yarns. 

41. A resin : impregnated endless belt as claimed in clairrv40 wherein said polyester multrfilament yarns have a denier 

*" of3ooo. ' *' \'~ f ~ ' J ' * " 

.42. A resin-impregnated endless belt as claimedio claim, 36 wherein said CD yams are polyester multifilament yarns. 

43. A resin-impregnated endless belt as claimed in claim 40 wherein said polyester multifilament yams have a denier 

of 3ooo. ' ! " ~„ ^ \ r ^ ; , 

44. A resin-impregnated endless belt as claimed ,in claim 36 wherein said base fabric further comprises a knitted 
40 structure, said. MD yams and said CD yarns interweaving with said knitted structure but not with each other, said 

knitted structure thereby mechanically joining said MD yarns to sajd CD yarns at said I crossing, points. 

45. A resip-jmpcegnated endless belt as claimed in claim 1 wherein said base, fab rip jsan endless Raschel-knitted 
structure, said. MP structural elements being MD yarns and said CD structural elements being Raschel-knitted CD 

c . yams, said MQyarns being laid into said Raschehknitted CD yarns during production of said endless Raschel- 
knitted structure, said MD yarns thereby being mechanically .interlocked with said Raschel-knitted CD yarns. 

46. A resin-impregnated endless belt as claimed in claim 45 wherein at least one of said MD yarns and said CD yarns 
are coated with a thermoplastic resin material, ,s,aid thermoplastic resin material further joining said MD yams to 
said CD yams at said crossing points upon application of a heat treatment on said base fabric after Raschel-knitting. 

47. A resin-impregnated,. endless belt as claimed in claim 45 wherein said MD yams and said CD yarns are further 
, . joined to pne another at said crossing points by a chemical material applied to said base fabric after Rasche! knitting. 

48. A resin-impregnated endless belt as claimed in claim 45 wherein said MD yarns are polyester multifilament yarns. 

49. A resin-impregnated endless belt as claimed in claim 48 wherein said polyester multifilament yarns have a denier 
of 3000. 
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* 50. A res in- impregnated endless** bell* as^laimed in claim 1 wherein said base^ fabric is an endless knitted structure, 
said endless knitted structurejfelrig knitted from a yarn and stretfched in both the machine and cross-machine 
directions so that sections of said yarn align with sajd directions and become said Mp and CD structural elements, 
said endless knitted structure being bonded in such a stretched concritidn tb maintain the afignment of said sections 
of said yam in the machine and cross-machine directions. 

51. A resin-impregnated endless belt as claimed in claim 50 wherein said yarn is coated with a thermoplastic resin 
material, said thermoplastic resin material bonding said endless knitted structure in said stretched condition upon 

"application of a heat treatment on said base fabric while so stretched.^ 1 - : ^ 

52. A resin-impregnated endless belt as claimed in claim 50 wherein said endless knitted structure is bonded in said 
stretched condition ByS chemical materia I applied thereto 1 wr^lle'so stretched. ~ " ^ ^ l " r t ' \ 

53. A resin-impregnated endless belt as claimed in claim 50 wherein said yarn is a polyester multifilament yam. 

' 54: A^resinnmpreghaYed endless belt as c'ia"imed i ih J clainn 53 v^ere^¥ai6' polyes^ ya'irrYn'as a denier of 

3000. * - = ^ v; . - - " 

^SSr^esin^hpregriat^d endfess betfas ciaimed ih'c^^ structural 
20 elements of said base fabric are coated with a third polymeric resin, said third polymeric tesni having"a chemical 

affinity for said first polymeric resin and providing a tie coat between said first polymeric resin and said bas^e fabric, 
- " G s^d^irSt>>}yn^rc^resin •ch^rtifcafiy bonding to said tWdVoly'f^e'riS^sin^ 0 ' * !C ~ 1 : ^ ' 1 

56. A resin-impregnated endless belt as claimed Wclaim''E^ resin. 

2S 

STr-A^methdd for marrufact firing ^resih^'rftpre^nitdcl 'endless beR fbV a lori§ nffTpYess or calender of the Shoe type, or 
for other papermaking and paper-processing app'ffca^lohsi' said method comprising' the Steps St:' 
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fa) providih'g a base' fabric in the form of ah eridtess loop' having an inner 1 surface, ah outer surface, a machine 
direction and a cross-machine direction, said base fabric having machine-direction (MD) structural elements 
"a>icllDrctes-machine-directic^ (CD) structural efemfehts^^aid-lvID structural 'elements aViB'said CD Structural 
elements crossing one another at a plurality of crossing points, said MD structural elements arid said CD 
structural elements being joined to one another at said crossing points; 

(bj providinepa cylindrical! mandrel having ^smooth ah'd polishecf surface; said cyfi'rrdrical mandrel having a 
5£ longitudinal axis oriented in a horizontal direction and being rotatable thereabout; . % 

r (c) providing a spacer ring having ah inside diameter- equal to the diameter of saictbytinof ical mandrel and an 
outside diameter equal to the diameter of said endless loop of said base fabric; 
(d) disposing said spacer ring on said cylindrical mandrel; 
^ -"(e) disposing said base ifabric on said cylindrical mandreTb^er said spacer ring; ~" ['^ 

40 ' ic (f)*piacihg ;, sa'id base fabric under tension ibngitudinally^with tespect to "said cylindrical 'rhandrel; '7. 
fg) ririovthg said 'spacer ring to an^end of said base fa'bric; ' v ~ • . 

(h) rotating said cylindrical mandrel; 
' ""• {\) starting at said" entf of said base fabric adjacent to said spacer ring, dispensing afirst|)piymenc resin onto 

: sa1d*base fabric : bn r said fotatln'g cylindrical rriandrbllrorn a dispenser' hvthe form of Vstreator '\ " 
s r {\) moving said spacer' ring and said dispenser longitudinally relative to : said cylindrical mandrel, w>iile keeping 
. said spacer ring ahead of said' dispenser, to a'pply'saYd first polyrneric resin onto said "b^seWabrTd in the form 
of a spiral of a preselected thickness to impregnate said base fabric therewith and to form a layer of s^aid first 
-polymeric resin of alhic^ - ; '* 5 '* :< " 

(k) curing said first polymeric resin wheh said baWe tabnb is impre'ignatetjSivrth said pdlyrriend resin Irom said 
so ~ ! 'ir::f * *- v."erid"completely thereaicross. " ^" - " ... ^ - ^ ft r . ^' 

?; 58. : A methVxi ae claimed' ih "ciMm 5t lurther cornprising , the" steps of "dispensin ! g a second pbl^toeric 'resin on top of 
- -* ,r sald : first polymeric resin ^ih the forrrt r of"a spiral of a preselected thickness, 'and of Curihcj c sa1cf second polymeric 
resin when said first polymeric resin is completely covered by said second polymeric resin. 

59. A method as claimed in claim 57 further comprising the step of grinding said first polymeric resin ^aftersaid curing 
•° - { ' step'tb provide ft r with a smboth surface and said belt with a uniform thickness " " * " * 
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60. A method as claimed in claim 59 further comprising the step of cutting a plurality of grooves into said first polymeric 
resin. 

61 . A method as claimed in claim 59 further comprising the step of drilling a plurality of blind-drilled holes into said first 
5 polymeric resin. 

62. A method as claimed in claim 58 further comprising the step of grinding said second polymeric resin after said 
curing step to provide it with a smooth surface and sjJRfbett with a uniform thickness. 

io 63. A method as claimed in claim 62 further comprising the step occulting a plurality of grooves into said second 
polymeric resin. / V ' ^ *« 

> 'V* .\ 

64. A method as claimed in clairri 62 further comprising the step of drilNng ^plurality of blind-drilled holes into said 
second polymeric resin. \ ** 
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(54) Resin-impregnated belt for application on papermaking machines and in similar industrial 
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(57) A resin-impregnated endless belt for a long nip 
press or calender of the shoe type, or for other paper- 
making and paper-processing applications, has a base 
fabric in the form of an endless loop with an inner sur- 
face, an outer surface, a machine direction and a cross- 
machine direction. The base fabric has machine-direc- 
tion (MD) structural elements and cross-machine-direc- 
tion (CD) structural elements in an open structure 
wherein at least some of the MD structural elements and 
CD structural elements are spaced apart from one an- 
other. The MD structural elements cross the CD struc- 



tural elements at a plurality of crossing points, where 
they are joined to one another by mechanical, chemical 
or thermobonding means. A coating of a first polymeric 
resin is on the inner surface of the base fabric. The first 
polymeric resin impregnates and renders the base fab- 
ric impermeable to liquids, and forms a layer on the inner 
surface thereof. The coating is smooth and provides the 
belt with a uniform thickness. A method for manufactur- 
ing the belt, using a smooth and polished cylindrical 
mandrel with a spacer ring slidably disposed thereon, is 
also shown. 
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